The time-varying correlation between oil prices returns and European industrial sector indices returns, considering the origin of the oil price shock, is investigated. A time-varying multivariate heteroskedastic framework is employed to test the above hypothesis based on data from 10 European sectors. The contemporaneous correlations suggest that the relationship between sector indices and oil prices change over time and they are industry specific. In addition, the supply-side oil price shocks result in low to moderate positive correlation levels, the precautionary demand oil price shocks lead to almost zero correlation levels, whereas the aggregate demand oil price shocks generate significant changes in the correlation levels (either positive or negative). Both the origin of the oil price shock and the type of industry are important determinants of the correlation level between industrial sectors' returns and oil prices. Prominent among the results is the fact that during the financial crisis of 2008 some sectors were providing diversification opportunities to investors dealing with the crude oil market.
Introduction
A wealth of literature has investigated the relationship between oil price returns and economic activity since the seminal paper published by Hamilton (1983) 1 . A recent detailed theoretical description of this relationship is given by Iwayemi and Fowowe (2011) .
Nevertheless, the literature of the relationship between oil prices and stock market developments is still growing 2 . Even more, the findings on the relationship between oil prices and industrial sector indices are scarce. According to Arouri et al. (2012, p. 2) "the use of equity sector indices is, in our opinions, advantageous because market aggregation may mask the characteristics of various sectors". Adding to this growing literature, the aim of this study is to examine the effects of the oil price returns on industrial sector indices in Europe, in a time-varying framework. The recent evidence show that the relationship between oil price returns and aggregate stock market returns is indeed time-varying (Saborsky, 2012; Chang et al., 2012; Filis et al., 2011; Bharn and Nikolovann, 2010; Choi and Hammoudeh, 2010; Aloui and Jammazi, 2009 ). Nevertheless, the focus of this paper is on the industrial sector indices rather than aggregate stock market returns, which was the focus of all aforementioned studies. In addition, it is also evident by the same studies that the unconditional correlations cannot capture the dynamics of the said relationship.
The vast majority of the literature has focused on the effects of oil price changes on stock market returns. The current evidence suggests that oil price changes are associated with fluctuations in stock prices, although the results are mixed. Part of past studies maintain that there is an adverse and asymmetric impact of oil price shocks on the financial markets (see, inter alia, Filis, 2010; Chen, 2009; Miller and Ratti, 2009; Park and Ratti, 2008; Driesprong et al., 2008; Gjerde and Saettem, 1999; Jones and Kaul, 1996) . Nonetheless, the effects of oil shocks on stock markets for a specific country can be positive or negative depending on whether the country is a net producer or net consumer of oil resources, see Mohanty et al. (2011) . Thus, the negative relationship which was established in the previous studies does not 1 There are two views on the role of oil prices to the economy: (1) the microeconomic view (e.g. effects of oil prices on pricing and production), and (2) the macroeconomic view (impact of oil prices on aggregate demand through, for example, inflation -monetary policy responses), see Segal (2011) . Some important studies on the relationship between oil price shocks and economic activity include Baumeister and Peersman (2012) , Blanchard and Gali (2007) , Hamilton (2008) , Hamilton and Herrera (2004) , Barsky and Kilian (2004) , Brown and Yuncel (2002) and Bernanke et al., (1997) . Recent studies include Rahman and Serletis (2010) , Tang et al. (2010) , Jbir and Zouari-Ghorbel (2009) and Jones et al. (2004) . 2 See, Park and Ratti (2008) , Henriques and Sadorsky (2008) , Basher and Sadorsky (2006) , Huang et al. (2005) , Hammoudeh and Huimin (2005) , Hammoudeh et al. (2004) , Hammoudeh and Aleisa (2004) , Sadorsky (2001) , Papapetrou (2001) , Faff and Brailsford (1999) , Huang et al. (1996) , Jones and Kaul (1996) , Kaneko and Lee (1995) , Ferson and Harvey (1994, 1995) , Sadorsky (1999) , among others.
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hold for stock markets operating in oil-exporting countries, but rather a positive relationship exists, as shown by Arouri and Rault (2012) and Bjornland (2009), among others.
There are authors, though, who voice the opinion that there is not any relationship between oil price shocks and stock market returns (Jammazi and Aloui, 2010; Cong et al., 2008; Huang et al., 1996) . An extensive recent review on the literature in this research topic can be found in Filis et al. (2011) .
Furthermore, Hamilton (2009a,b) , Kilian (2008b) and Kilian and Park (2009) , opine that different shocks in the crude oil market have different effects on the stock market, thus the origin of the oil price shocks should be considered. According to Hamilton (2009a,b) there are demand driven, as well as supply driven oil price shocks. Kilian (2009) Having established that there is a growing literature that considers the empirical relationship between oil price shocks and stock market developments, we should point out that we know little about the effects of these shocks on different industrial sector indices.
Overall, it is expected that a positive change in oil prices will increase production costs, considering that oil (along with its by-products) represents one of the most basic production inputs (Arouri and Nguyen, 2010; Backus and Crucini, 2000; Kim and Loungani, 1992) .
These increased production costs will result in increased prices, leading, in turn, to lower demand and thus lower consumption (negative income effect) (see, for example, LeBlanc and Chinno, 2004; Hooker, 2002; Abel and Bernanke, 2001; Hamilton, 1996; Hamilton, 1988; Barro, 1984, and among other) . Furthermore, the lower demand will result to a reduction in output level and thus lower expected cash flows. As a consequence and taking into considering that stock prices are affected by the value of the discounted future cash flows, we would expect stock prices to exhibit a bearish behavior (Sadorsky, 1999; Jones and Kaul, 4 1996). We should not lose sight of the fact though that the aforementioned oil price effects are far from definite as they depend on the status of the country (i.e. whether it is oilimporting or oil-exporting) and on the source that causes oil prices to change (i.e. supply or demand driven), as aforementioned. oil price shock tends to appreciate the stock index of the Oil&Gas sector; it has a negative effect on the Financials and Consumer Goods sectors, whereas no effect is observed in the Industrial sector.
Turning to the net oil-exporting countries, Mohanty et al. (2011) examine the relationship between oil price and stock market returns in Gulf Cooperation Council (GCC) countries using country-level, as well as, industry-level data. They report that the responses of industry-specific returns to oil shocks are significantly positive for most industries. It is evident that the results from oil-exporting countries are significantly different from those from oil-importing countries.
The aforementioned studies, though, have ignored the importance of examining this relationship in a dynamic environment. Thus, the paper comes to fill this void, by examining 6 the relationship between oil price changes and European sector stock market returns, in a time-varying multivariate heteroskedastic framework, considering the origin of the oil price shocks.
The European sector stock market indices were chosen due to the characteristics of the energy sector in Europe. According to the EU Energy Policy Factsheet (2011), EU's import dependency on oil has increased in the recent years and the evidence suggests that it will keep growing in the next decades, as well. They estimate that by 2030 the EU will import more than 70% of its oil and gas demand. In addition, oil represents about 60% of the total EU energy imports. Considering that the energy prices are expected to rise in the next decades, we are able to understand the importance of oil in EU economy and thus to the stock market sectors. Another interesting point about EU is that its member states have significantly different dependency ratios of oil, where some countries has a ratio as low as 20%, whereas for some other countries this ratio can reach the level of 80% or beyond.
However, as suggested by the EU Energy Policy Factsheet (2011), national energy decisions can exert an impact to other member states, due to the energy interdependence among EU member states. Thus, the investigation of the relationship between oil and the European sector stock market indices in a time varying framework is not only intriguing but current, as well.
In short, the findings are as follows: i) the relationship between oil price returns and stock returns are industry specific, ii) the consideration of the origins of oil price shocks is important, as they trigger different responses from the industrial sectors and iii) during the 2008 financial crisis, which triggered an aggregate demand oil price shock, the Health, Technology, Telecommunications and Utilities sectors offer hedging opportunities in portfolios consisted of oil commodity and stocks.
Furthermore, we do not offer support to the evidence provided by the current literature, which mainly suggests that all industrial sectors, except the Oil&Gas and Mining, respond negatively to positive oil price shocks. We argue that the response is not constant and it depends on the origin of the oil price shock. These findings are important for traders and stock market analysts dealing with oil markets.
The rest of this paper is organised as follows: Section 2 presents the econometric model employed. Section 3 discusses the data, while Section 4 reports the empirical results.
Section 5 concludes the paper and discusses points for further research. 
Methodology
In the paragraphs follow, a multivariate autoregressive conditionally heteroskedastic framework is defined, under which we construct monthly time-varying estimates of the variance and the correlation for the oil prices and the 10 industrial sector indices. The term time-varying throughout the paper expresses the time varying attribute of the conditional variance. It does not convey that the parameters of the model are allowed to change over time. . The vector t y can be decomposed into the relevant expected return to the investors given 1
, and the innovation process,
. The covariance matrix of the innovation process, conditional to
. Moreover, we assume that the innovation process is decomposed to . Thus, the innovation process conditional to For   t y denoting the vector with the log-returns of the oil and the 10 industrial sector indices on a monthly frequency, the Diag-VECH GARCH model can be presented as 5 :
3 For example, Baumeister and Peersman (2012) estimate a time-varying parameter VAR model with stochastic volatility, allowing for time variation in both the coefficients and the variance-covariance matrix. Nevertheless, the estimation of a time-varying parameter model does not fall into the scope of the present study. 4 Under the Diag-VECH GARCH model, the number of parameters is reduced, so no interaction is allowed between the different conditional variances and covariances. The drawback of Diag-VECH is that it does not capture volatility spillover effects between markets; nevertheless, this is not examined in the present study. 5 Kilian and Park (2009) provide evidence that oil price shocks tend to have a lagged effect in the economy and the real stock returns do not adjust to oil price shocks on impact. Moreover, Campbell et al. (1997) and 
whereas, each   
. In the case of a bivariate model for each of the stock returns and the oil price measure, the   
Data Description
The time-varying correlations, , and in log-returns.
Empirical Findings
The number of lags in the variance matrix The time-varying plots for the whole period under investigation are presented in Figure 1 10 . In addition Table 1 shows the descriptive statistics of the time-varying correlation series.
[ The Diag-VECH GARCH model was estimated for higher sampling frequencies, i.e. weekly and daily sampling frequencies, but the results are qualitatively similar. For purposes of illustration the monthly sampling frequency is proposed. 11 The oil price returns are estimated as de-meaned log-returns; i.e. 
[INSERT FIGURE 2 ABOUT HERE] [INSERT TABLE 2 ABOUT HERE]
The correlation level during this period is low positive, on average, for almost all sectors. For the Telecommunications sector the correlation is almost zero (see Table 2 ).
Furthermore, it is evident that some of the sectors tend to fluctuate in both negative, as well as, positive correlation levels (i.e. Nevertheless, the correlation trends seem to differ depending on the sector. This finding is expected as the Asian crisis caused a reduction in oil prices, as well as, a downturn in economic activity and stock market performance. In addition, both oil-intensive and non-oil-intensive sectors have been affected by the Asian crisis in a similar fashion. The supply-side shocks of 1998-1999, which were caused by the OPEC oil supply cuts, resulted in the reduction on the correlation levels between oil prices and industrial sector indices to almost zero correlation. Exception is the Oil&Gas sector, where a low to moderate positive correlation is still observed during these supply-side oil price shocks. On the whole, the supply-side oil price shocks of this period seem to create low correlation levels, whereas the evidence suggest that aggregate demand oil price shock (i.e. the Asian crisis) has triggered an increase in the level of correlation with all correlation trends exhibiting an upward trend. The aggregate demand oil price shock of this period resulted in a positive correlation between the returns of oil prices and the industrial sector indices (see Figure 5 and Table 5 ).
In addition, an upward trend in all correlation figures is observed. Even the sectors returns that previously exhibited a negative correlation, they fluctuated in the positive region especially during the years 2006-2007. It is interesting that the highest correlation, apart from the Oil&Gas sector (as expected), is observed with the Consumer Goods sector. Hence, the Chinese economic boom had also a positive impact on consumer goods sector in Europe.
Furthermore, Utilities, Health and Financials sectors are also exhibiting increased correlation suggesting that these sectors were also experiencing an upward trend during that period.
The final sub-period that we consider is 2008-2010, when the world experienced the global financial crisis. In addition, this sub-period covers the start of the debt crisis in Euro zone. During this period we observe a significant decline in oil prices, which was caused by the decline in oil demand (aggregate demand oil price shock). Retail sector, on the other hand, exhibits a small drop. Therefore, the 2008 financial crisis did impact the correlation levels between the sectors and oil prices returns significantly, although not in the same fashion.
The analysis of the time-varying correlations generates some important conclusions.
Overall, the level of correlation, as well as, its direction is not the same for all sectors.
Furthermore, the correlation does not remain constant over time, implying a time-varying relationship between the returns of oil prices and industrial sector indices. In addition, correlations change in respond to different oil price shocks. Supply-side oil price shocks cause low positive but decreasing correlation levels (in most cases). During periods of supply-side shocks, low volatility of the time-varying correlation is observed. Furthermore, the precautionary demand shocks cause, for the majority of the indices, a reduction in the correlation level, leading to very low or even zero correlations. Finally, the aggregate demand oil price shocks tend to generate important changes in the correlation levels. For example, the period of the Chinese economic growth led to a stable increase in the correlation level of all indices. On the other hand, the 2008 financial crisis initiated hard shifts in the correlation levels, either upwards or downwards.
Overall, (i) the supply-side oil price shocks result in low to moderate positive correlation levels, (ii) the precautionary demand oil price shocks lead to almost zero correlation levels, whereas (iii) the aggregate demand oil price shocks generate significant changes in the correlation levels. Hence, the origin of the oil price shock is important determinant of the correlation level and direction and it should be carefully considered by studies when examining the relationship between stock and oil prices. 
Concluding Remarks
The paper examines the relationship between the returns of oil prices and industrial sector indices in a time-varying heteroskedastic environment, taking into consideration the origin of the oil price shocks. In particular, we consider the equity returns from 10 European industrial sector indices to examine their relationship with oil price fluctuations. The time-15 varying correlations are estimated by a Diag-VECH GARCH model. Following a similar approach with Filis et al. (2011) and using the oil price shocks to assess whether changes in the aforementioned time-varying correlation could be due to the different origins of the oil price shocks, the present study adds to the existing literature as it provides some new insights in the study of oil prices and industrial sector stock market returns. By doing so, we also extend the findings by Kilian (2009) and Kilian and Park (2009) who mainly concentrate of the effects of oil price shocks on industrial sectors stock market returns in a Structural VAR environment rather than in a time-varying one. In addition, as this is the first study that examines the aforementioned relationship in a time-varying environment, we extend the findings of the existing literature that focuses on the relationship between industrial stock market returns and oil price returns in a static environment, as these have been presented in Section 1.
The summarized findings are as follows. First, the relationship between oil price fluctuations and stock returns is examined in a time-varying environment, as it does not remain constant throughout time. Second, the relationships are industry specific and thus if we solely consider aggregate stock market indices, rather than industrial sector indices, then we are not able to paint a complete picture. Third, the link between the returns of oil prices and industrial sector indices is significantly influenced by the origin of the oil price shock. In particular, we can suggest that the supply-side oil price shocks result in low to moderate positive correlation levels, the precautionary demand oil price shocks lead to almost zero correlation levels, whereas the aggregate demand oil price shocks generate significant changes (either upwards or downwards) in the correlation levels. 
